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Introduction

The Linac Coherent Light Source, LCLS, at the SLAC National Accelerator Laboratory, SNAL, is the first hard x-ray Free Electron Laser. The Undulator Controls Module, UCM, controls five cams and
two translation stages that regulate the position of each of the 33 permanent undulator magnet segments within 10 microns. The UCM package, hardware and software, was designed and built by
the Advanced Photon Source at Argonne. The UCM is still evolving, and many improvements can still be made to provide and more user friendly and stable control system. A functional diagram of
the current system, from the perspective of the user, is shown below.
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STOP ALL MOTORS MAINTEMANCE DO HoT Move  Undulator segment under maintenance, do not actuate any devices without the aproval of the area

manager. T TOZ T03 TO4 TOS TOA TO7 TOg T09 T10 T11 T2

Und-01 1949 1983 1970 2279 1956 1968 1956 2075 1963 2172 1955  36.00
Undulator 1 . Undulator 12 . Undulator 23 . Undulator not installed is akvays shown a5 a shade of gray, unless the stages are moving, which is shown in yellow. Lnd-07 1986 1981 1965 1 51 1984 1966 19.6F 21 G5 19.70 2318 1972 2350
Undulator 2 . Undulator 13 . Undulator 24 . I Undulator not installed, stages parked at G4mm. Und-03 1373 <018 1383 28ezy 2014 1388 1340 2228 1392 2057 [233a9] <2971
Und-04 19.97 1958 1968 2507 1993 1974 1984 2223 1977 2416 2008 2318
Undulator 3 . Undulator 14 . Undulator 25 . I Undulator not installed, stages relative position is shown by the bar within the rectangle. LIng-05 20.02 19.81 19.71 24 24 19.85 19.71 20.24 2712 1.30 2376 20.55 73 64
. z01z 2018 1981 2440 2051 1973 2005 2247 1983 2410 2031 2617
Undulator 4 . Undulator 15 . Undulator 26 . Undulator not installed, stages moving, relative position shown by the bar within the rectangle. Und-08
Und-07 20.09 1990 19890 2401 1990 1985 1983 2237 1989 2442 2015 23.97
Undulator 5 . Undulator 16 . Undulator 27 .
} Undulator installed is reflected by the use of colors, no shades of gray are used; rectangle is longer. Und-08 £0.13 £0.18 19.94 £4.98 19.50 19.91 £0.10 £2.30 19.32 £4.99 £0.10 2320
| Undmam,.ﬁ. Undulatorw. UndulatorEB. | Und-03 1976  20.25 1971 2568 2000 1987 2003 2188 19.95 2420 2018 2348
Selected funCtiOnS IUndulatﬂrlnstalled,undulatmparkedatﬁwm- Und-10 20.29 1993 19597 2409 2013 1993 1993  Z0.70 19.91 2407 19.87 2407
U"d“"“m"?. U"d”"ﬂt“"m. U“d”"“mrzﬂ. . . . Und-11 2002 1958 2003 2466 2017 1997 2003 2277 2012 2444 2002 2341
. Undulator installed, undulator moving or parked outside of range.
are ava||ab|e from UndulatorB. Undulatorm. Undulatoraﬂ. Und-12 z0.02 2004 1987 2408 20015 1995 2016 2293 1995 2395 1987 2270
I Undulator installed, undulator parked at G0mm. Und-13 19.96 1924 19892 2493 1982 2006 1973 2208 1984 2426 1988 2278
the Global Controls U"dmﬂmrﬂ. U"dmﬂtﬂrzﬂ'. Undulat0r31. _ o Unc-14 2021 2014 1996 2433 2018 1988 2032 2252 1991 2408 2034 2355
Undulator installed, undulator parked within active range.
| ” Undulatorm. Undulator 21 . UndulaturBE. Und-15 2044 1990 1988 2449 2020 1988 1988  23.01 1988 24.04 1972 2548
to control all or a Undulatar installed, undulator parked at ¥-IM, o running spot. Und-18 2018 19.83 19.93 2495 2018 1986 2010 2268 1997 2412 2036 2323
. U"dmﬂtﬂ"". U"dU"ﬂtO"EE. U"dU|ﬂt0r33. _ - _ Und-17 1996 2035 1997 2390 1933 1980 2007 2239 2002 2378 2065 2593
Select|0n Of Undulator installed, undulator moving within the active range.
Und-18 19.82 1996 2002 2484 2025 2001 2015 2278 2005 2371 2046  26.04
select ALL Deselect ALL 2 2031 2020 19.99 2546 2020 2000 2004 2259 2002 2426 2005  23.32
undulator segments. Une- 12
Und-20 19.84 1922 2003 2441 2078 1993 1974 2340 20001 2521 20017 23.99
henu " | Reboot.. Und-21 19.82 2027 2009 2634 2047 2005 1982 2131 2005 2363 2012 24.27
| —
Trin Undulator Global Status Home Screen.. Exit Und-22 19.73  19.84 19.986 2444 2030 19.84 2004 2267 2004 2432 1978  24.36
KECT to KIES K Und-23 1795] 1986 1994 24586 1998 2000 [76.23] 2185 2008 2505 1979  23.67
COM to TES Und-24 2017 2029 2008 2419 2014 2008 1977 2275 2006 2475 2043 2434
§ z042 1939 20011 2406 2046 2018 2032 2271 2013 2483 1993 23.97
Updats #IN Motors Potentiometers Calibrations Systems il
Terporefinre Gerresedan O Und-26 19.90 2002 20013 2440 2033 2014 1994 2275 2013 2412 2029 23.39
Temperature Correction OFF Cak Position Readback angular Position CAM ancular Offsets & Gaing aystem Status Lng-27 2020 19.87 20.05 26.65 2016 2012 20.36 2317 2015 24,51 20449 23.78
Insert undulator to ¥IN e — lUnd-28 19.85 2013 20011 2478 2040 2000 2013 2272 20010 2437 1980 2312
L T Position Readback RTD Temperaturas L 1959
Extract undulator to OUT position ,_ ) Pl VelEg T ——— ] lUnd-23 : 1986 2016 2443 2013 2002 2036 2243 2023 2373 2067 2327
Hove undulator to ZER( AN Moverents E—— Und-30 2027 2060 2025 2482 2054 2024 1997 22837 2024 2358 2087 2414
Cams to ZERD _ _ Und-31 2058 2018 2023 2409 2054 2000 2035 2283 2057 2408 2070  21.54
Mation Manitars "Qear Potentiometers Archive Engine Und-32 19.95 19.88 2021 2433 1970 2021 2058 2248 2020 2401 1953 23.91
Und-33 2036 2037 2026 2411 2038 2021 2059 2257 2020 2438 2053 29.90
k = 7 L] L] L] i
LCLS Subsystems and Areas: "Und. Collimators and Motion Control TM Motor Position vs Linear Rﬂt ReadBack T >
e - Examples of global status
Translation Motor 1 (mm) Translation Motor 2 (mm) | ith £ | d
[ Global Controls... U [ Global Status... ' Motor Linear Pot Motor Linear Pot pages; Wlt Status Or Se eCte
D — Position Readback Difference Position Readback Difference
H"g{” §0.0000 799892  0.0108 §0.0000  79.9792  0.0208 readbaCkS fOr a” 33
- .. - nd-02 g 4
Position Summary Position Summary Position Summary Und 50.0000 50.0006 0.0006 50.0000 | 80.0150 0.0130
nd-03 §0.0000  79.9307  0.0092 §0.0000  79.9524  0.0175 un d u Iato IrS.
Undulator BFW Undulator BRW Undulator BFW Und-04 800000  80.0095  -0.0095 800000  79.9983  0.0017
Undulator 1 . Undulator 12 . . Undulator 23 . . Und-05 &0 0000 a0.0026 -0.0026 &0.0000 799494 0.0506
Und-06 50.0000  §0.0196  -0.0199 50.0000  BO.0Z63  -0.0263
Undulator 2 L Undulator 13 | | @ Undulator 24§ | L Und-07 B0.OD00 799584  0.0131 00000 50.0111  -0.0111
- - Und-08
Collimatar/tation Undulator 3 ® Undulator 14 . ® Undulator 95 . ® Ond §0.0000  §0.0065  -D.00B5 80.0000 799715  0.0285
e~ nd-09 §0.0000 739859  0.0141 §0.0000 800095  -0.0095
‘ Undulator ¢ & Undulator 15 . & Undulator 26 . & Und-10 g0.0000 79.9885 0.0115 g0.0000 g0.006839 -0.0069
————— Und-11 §0.0000 800035  -0.0035 §0.0000  79.993F  0.0002
Undul.. 5 9 Undulator 16 . 9 Undulator 27 . ) Und-12 §0.0000 7998539  0.014 §0.0000 739576  0.00Z3
- Und-13 80.0000  79.3972  0.0028 §0.0000  §0.0089  -0.0089
Undulatore ® Undulator 17 |8 ® Undulator 28 |8 ® Und-14 B0.0000 800052  -0.0052 B0.0000  79.9975  0.0025
Und-15 §0.0000 800010  -0.0010 §0.0000 800306  -0.0306
Undulator 7 ) Undulator 18 . & Undulator 29 . & Und-16 ST Tl KT o0 | 72576 T ooiea
Undulator 8 ® Undulator 19| | ® Undulator 30 |§ | ® Ll -14931  -14575  0.0044 -1.4931 14620 0.0088
Und-18 -1.4532  -14551  -0.0041 -14532  -14462  -0.0130
Undulator 9 ® Undulator 20 | | ® Undulator 31 |8 ® Und-19 17671 17730 0.0119 7671 -17812 00142
Und-20 -1.9532  -1.9530  0.0048 -1.9532  -1.9465  -D.0066
Undulator 10 Undulator 21 . 9 Undulator 32 . [ ) Und-21 ~2.2410 -7 7553 0.0143 ~2.2410 _7 7544 0.0134
Und-22 -24032  -24413  0.0381 -24032  -z4112  0.0080
Undulator 11 ® Undulator 2z | | ® Undulator 33 | ® Und-23 26277 -26467  0.0191 -26277  -zB3%d  0.0121
Und-24 -27475  -27413  -0.0035 -27475  -2.7450  0.0006
Und-25 -2 6594  -2E830  -0.0063 -2 6894  -263911  0.0018
Und-26 -3.2273  -3.2084  -0.0189 -3.2273  -3.2071  -0.0202
Und-27 -3.3040  -3.3009  -0.0032 -3.3040  -3.2952  -0.0088
Und-28 -3.5869  -3.5971  0.0102 -3.5869  -3.6043  0.0180
* Und-29 -3.6626  -3.6720  0.0094 -3.6626  -3.6532  -0.0094
. Und-30 -3.8840 -3.8292  -0.0548 -3.8840 -38766  -0.0072
Alarm summa ries, undulator Und-31 41074 -41293  0.0225 41074 -41125  0.0051
o ] ) Und-32 -4.3084  -42981  -0.0108 -4.3084  -4.3073  -0.0021
position summaries, and links to Und-33 42708 -42063  0.0157 42708 43148 0.0442

individual segment controls, also
Global Controls, and Global
Statuses can be found from this

page.

VME crate containing a Motorola MVME 3100
CPU running RTEMS 4.9.1, and EPICS 3.14.10, an
Idustry Pack carrier with an ADC, an RS232
communication card for the smart motors, and a
digital input/output card.

|

Quadrupole magnet. *Undulator Control Module Interface, UCMI, built

to interface individual devices with the EPICS,
controls system, Input Output Controller and
provide interlocks.

|

Undulator segment. e : |

Undulator Motor Power Interface, UMPI, built to
house interlocked power supplies.

Undulator segment 04

USEG:UND1:450 Undulatomn Ny
Controls
BFW - BEAR ERECTICH 1_I_ QUAD
Ztl, absolute (um) kon [um) = ___i',::.; Ztl, absolute (um) kon [um)
- [i -172.86 i - e mm w mm ow -, mER - 117.02 . . : :
= B - £ — USEG:UND1:450 Translation Motor Exi
v = 000 -14.08 S S i o v = | 0.00 33.00
USEG:UND1:450 CAM Motor Records Exit GO K @unitess)  Undulator Field Go Cantrol (mm)
USEGIUND1:450 CAM Motors BFW Actuator O Fosition (mm) — Temp correction Interlock Status Relative
< n.1ao =
® (G Out(Inactive) KDESI 3433420 XDES  -0.095 oiFF |l A .Uel—l I L= Absolute
Upstream \ o _In 10.0003 Ll Joooor  [=1 : g
oMl C;m;;;zﬁ D;E;:;ES Stages position summary KACT 3439452 XACT  -0.104 1873 Serial numbers USEGUND 14 at
: : 45 kAN slation Leiereng
ACTIVE-RANGE [dKKR10T  -0.092 XN 0.099 KACT TO KDES Girder 34 et o
. , BFW & pstream ownstrea
Undulator installation status TRIM | |KCOMNTO KDES| | STOP &LL MOTORS | | UPDATE ¥IN [

INSTALLED Undulator 34

: Ch BFW..
GIEET GO Undulatar Field
I0C Heartbeat _ Undulatar K, MMF..

I0C:UNDT:UCOT . |

-0.1036 -0.1036

Cakd Contrals.,

Linear Potentiometers. . Analogy & Digital K0, |

[ Maintenance, CATER...

-0.1029
£a.13

Translation 5tages...| [ Undulator kotiarn... b

- Controls page
~ for an individual
segment.

['']
-01217
£5.00

ppo—

Maormal

Downstream
ZT TR
Cak 4 ' e % ‘
A i Degrees 4 . il Cegrees \ |

2.0.341

-0.8784

USEG:UND1:450 Alternate Motion Exit USEG:UND1:450 Undulator field Exit

CAM Maotion L3
. g KDES 3493420 XDES  -0.0954396 mm
0.1000 > | 01000 > | Upstream Linified Downstream
STOP | STOP | Ctl, absolute (um) kon {um) Ctl, absolute (um) Ctl, absolute {um) Mon (um) KACT 3433450 XACT  -0.103632 Frif
*=[o.00 -122.70 * =] 0.00 ¥ =[000 6547
1.9300 -1.0040 -5.88 ¥ =[on - X 19.231641 LT 12X -13.0776z22 uTme
. Y o= | 000 24 .60 X
|
Normal & Jog (um) B Jog (um) 11Y  -0.281528 uTm I2Y  -5587529  uTmé
afw A Aafwa
a Y= A+ B% + CX% D B px® =Ty i
=A+t + + + + < Skew level? recovery intructions... L
Kvs.x | ¥ EACT #vs. K | Y -#DES frim
. : - ' . .
% wacT - % KDES-3.5 [ Linear Potentiometers. .. | ThA Mot ehug... Smart konitor... |
A 3.498631e+00 A 5.00844 2e-01 Frm —
| Cab Calibrations... | CaM Motion Debug.. Smart hanitar... B 2 TRET141e-03 ] B 3 BS9T0Ra+0? - U nd u Iator tra nslat|on
C -4 212276e-05 i< C 1.931101e+03 mim
‘ &9 D | -6.231973e-07 i D | 63144782404 i - motors page.
5 Ctl, absolute (um) kdon (um) Ctl, absolute (um) kon [um) 4
! ! E -2.528956e-07 i E 5.787548e+06 mim i i -
Exit
Cam motors page - [500 17302 v [T 117.02 _ Skew level2 recovery instructions
page. F | -21663120-08 mri F | 165475082+08 mr
Y =000 -14.08 W= .00 33.21 Stone
ROLL TIX vs. x| ¥ 1% uTm | IZX vs. x| ¥ 12X WTmé P
Ctl (radians]  hon W _WACT mm ¥ _WACT mm 1- Access into the undulator hall is required far the skew level 2 recavery. BTH Access State _
| 1 -0.000014102 A 1 9259988+ 01 uTrm Py 1 5739570+01 UTmE - Mou'll need a multimeter with standard probes and a small flat scredriver (faweaker)
z g- Go the to appropriate segment and open the mini rack underneath it.
Translation Motion B | -470Bscre-dl | uTmdmm B | T173178e+00 | uTmmm 4~ “ou should see three red lights in the front of the Undulator Cantrols Madule Interface (UCMI. If that's not the
L 1.307004e+00 uTmsmme C J.661123e+00 uTmemme case, you might not be at the correct segment with the skew level2 fault.
= d N & a- Using vour multimeter connect the probes bebveent the "GRD" and "Levelh Threshold TP" test points in the front
o D Z.461699e-02 uTmsmem D 1.654656e-01 T gy P P
KIN  Undulator I position [o03g  mm - of the UCMI. It should read about 16mY.
E | -6716604e-02 uTHmdme E | -1.212520e-01 uTrm& e _ ) . . .
OUT  Undulator OUT position 20000 mm = B- Using your tireaker, slowly rotate the "LevelZ Threshold Adj" pot counterclockwise until you add 10mY to the
: F -1.67Y6568e-03 UTmdmm F -2 747 367e-03 uTrm&mm? original reading from step 5.
POS1 | Last BBA Position, don't touch! [-0104  mm 5 7- At this point, the skew levelZ should be gone, and only a skew levell should be present.
Iy vs. x| ¥ I1Y LT IZY vs. x| ¥ IZ2Y LT Inter] k Stat
NTeroc dils
POS2 | [o.oo0  mm X KACT min X -XA&CT min
POs3 | IEI.EIEIEI A1 A 1.049695e+00 LT a -3.9667 73e+00 uTme -
B -1.274314e+01 LT mim B -1.922123e+01 uTm&
POS4 | [ooo0 mm . ,
C -1.001996e+00 UTmsmm C -9.260563e-01 uTm&mm g- Ifthe interlock status is now skew levell, the power should be restored to the motors. |5 the 42 back? If the
D B 77785408-01 Tm/mme D | D0BEETe+00 U 420 iz still mizsing, a fuse may he blown in the back or within the Undulator kotor Pover Interface (URMPI.
. P . +
Girder Pots Calibrations... HOUT Offsets. [ Girder/Cam Params... T x| d2% Power Supply:  41.51 Yolts
E ¢ 6106865e-07 LT rdmei E £ B16204e-07 uTmemmi ; ; .
3- Check that all motors have power back by looking at each motar and making sure there is a red LED on. There
F -6.126165e-03 uTmmen- F -1.136550e-02 T are five cam motors and two translation stage motors. IF 2 motor doesn't have power, a fuse may he blown in the

— back of the UCKI

Detailed girder motion controls.

10- If all motors have power, You can now restore the motor positions.

Temperatures...

Recover Maotors...

If a motar cannot be restored, or it complaing of a motar communication errar, power cycle the motors

— and reboot the foc,

? To poweer cycle the motars, cycle one of the ESTOP buttons around the girder. Push one of the
ESTOP buttons that has a key until it lathces in, verify the 42 goes away, unlatch the button by

U nd U |at0r flE'dS Ca |CU |atIOnS page. turning the key, and verify that all motars regain power.

Rehaoot the ioc.
Hard Reset [DiZ Heartheat _

Ifthe ioc heartbeat does not return after four minutes of exercising a hard reset, push the hard reset
again. Do 5o, every four minutes, until the ioc returns.

11- If all motars are restored, you are ready to fi< the levell skew.

USEG:UND1:450 RTDs Exi

Baw (V) Offzet Slope Corrected Include? In u%e? RTD data acquisition serial Mumber
. —

RTDO3 092 | 1.33 20.00 19.70 Degrees YES MO || YES YES  Temp l:ntrrelc:tlnn Statt| | Stop | STOPPED A4

— contro

OFF 12- Ifthe levell skew fi< is successful, and the interlock status shows Ok, you must now restare the level2 threshold.

RTDOE  0.99 -0.04 20.00 19.73 Degrees YES MO || YES YES  on Start | | Stop | STOPPED I 1] To do so, turn the LE'-.-'ElZ.ThrEShtlld &d)" pot, on the UCKI, clockwise until it reads about 25m'.

- 13- Mow you should exercise all the motors to make sure they respond correctly. kove each cam a few degrees.

e 000 T Iiﬁtl kove the translation stages through their whole range, from their current position to -5, then to 80,

14— If all motars respond correclty, you are donel I not, try restarting from step 8, otherwise call an expert.
Allowed temperature spread  Correction coeficient Average temp Dielta temp from MMF temp of 20.07 deqg C It anather levelZ skew fault is generated during checkout, call an expert.

0.20 I'U-UUU44 13.73 -0.34

Skew interlock recovery

Undulator fields temperature instructions.

correction page.
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